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Abstract 
Extreme precipitation indices were defined and analyzed in order to estimate the impacts of global climate change on 
the water source area of the middle route of South-North Water Transfer Project. Researches on the extreme 
precipitation and the intensity of extreme precipitation events show a general increasing trend while no obvious trend 
found in the frequency of extreme precipitation events. The Mann-Kendall test results indicate all of the three 
indices’ time series suffered an abrupt change in the late 20th century and after that, the extreme precipitation 
becomes more frequent with a larger intensity. 
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1. Introduction 
Global climate change is now a difficult problem faced by scientists around the world. As a result of 
abnormal climate change, the extreme hydrological events such as flood and drought are becoming more 
of a challenge to human beings. Given the uneven distribution and the shortage of water resource in 
China, the climate change could have great impacts. Under the condition of climate change, the frequency 
and the intensity of extreme events may increase. Extreme precipitation responses sensitively to global 
climate change. Therefore it is of great significance to develop the research on the extreme hydrological 
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events in order to acquire a better knowledge of the regulation of impacts of abnormal climate on extreme 
hydrological events as well as estimating the safety of water resources in response for climate change [1-
2]. 
In this study, based on the daily precipitation data of water source area of the Middle Route of South-
North Water Transfer Project from 1961 to 2008, the definitions of extreme precipitation event for this 
region are given as well as the analysis about change characteristics and trends of the extreme 
precipitation time series. 
2. Study Area and Method 
The water source area of the Middle Route of South-North Water Transfer Project has a catchment 
area of 95200 km2. It has a north subtropical monsoon climate. According to historical records, the mean 
annual precipitation and temperature are 819.5mm and 14.6 C   respectively. 
2.1. Data 
Daily precipitation data downloaded from China Meteorological Data Sharing Service Systems were 
collected from 9 meteorological stations (shown in Fig.1) in the water source area of the middle route of 
South-North Water Transfer Project from 1961 to 2008. 
 
Fig. 1.Distribution of 9 meteorological stations of water source area of the middle route of South-North Water Transport Project 
2.2. Method of Threshold analysis 
Display the data in ascending order, the new series is 1 2, , , nx x x , thus the percentile is defined as 
follows [3]: 
1(1 ) j jx a x ax                                                                    (1) 
Where j is the number of each data after being arranged in ascending order. The probability of a data 
that is smaller than the data of number n is 
( 0.31) / ( 0.38)p j n                                                             (2) 
Therefore  
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The squarebrackets means to truncate. 
2.3. Mann-Kendall Method 
Mann-Kendall method is a non - parametric statistical test method wildly used today. This test seems 
to be the most appropriate method for analyzing climate change and has been commonly used in hydro-
meteorological time series such as water quality, stream flow and precipitation [4-6]. The advantages of 
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the method are that the sample do not have to comply with certain distribution and won’t be affected by a 
few outliers. 
To perform the test, Kendall’s kS is calculated first from all pairs ( , )i jx x  of observations of data series X  with length n  as 
1
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The test is based on the statistic defined as 
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Under the null hypothesis that there is no trend, the statistic is normally distributed with zero mean and 
variance  
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Here iUF obeys the standard normal distribution. At a specified level of significance of  , standard 
value U can be obtained from the table of standard normal distribution. If kUF U , an obvious trend is 
indicated. Using the same way to get the statistics kUB of the converse-ordered time series, in the 
meantime   1, 1, ,1 , 0k kUB UF k n n UB       . The cross point of kUB  and kUF  is the abrupt change 
point of time series[7].  
3. Results and Analysis 
3.1. Definition of extreme precipitation indices 
Table 1 Definition of extreme precipitation indices 
Indices Definition 
Threshold Take the 97% percentile of the time series as the threshold 
Event If the precipitation in within a day is above the threshold, then 
it’s called a extreme precipitation event 
Annual Precipitation Total amount of the extreme precipitation of the year 
Frequency Total times of extreme precipitation events of the year 
Intensity Average intensity of each extreme precipitation event of the year 
The description of extreme precipitation includes three aspects: the amount, intensity and frequency. 
Using the threshold analyze method, choosing the daily precipitation of 17.4 mm as the threshold for the 
consideration of relatively abundant rainfall of this area. Based on this threshold, 5 indices were 
chosen[8]: extreme precipitation threshold, extreme precipitation event, annual extreme precipitation, 
annual frequency of extreme precipitation and the intensity of extreme precipitation as defined in Table. 1. 
3.2. Change characteristics of annual extreme precipitation and frequency  
In Fig. 2, the solid line is the time series of annual extreme precipitation, the dashed line is the 5-year 
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running average of the time series and the long and short dash line is the linear trend. During the 1960s 
and the 1980s, the fluctuation of the time series indicates a dramatic change between different years. 
After the 1990s, the general increasing trend of the annual extreme precipitation can be witnessed. 
The linear line shows a weak increasing of the overall time series with a rate of 2.82mm/10a. 
Meanwhile, it can be seen from the 5-year running average curve that the annual extreme precipitation in 
the late 1960s and 1970s increases steadily. However, in late 1980s and early 1990s, a downward trend 
can be found. After late 1990s, the upward trend begins to appear again. 
The annual frequency of extreme precipitation has a similar trend change with the annual extreme 
precipitation. In contrast, the frequency remained stable with only a slight change of the rate 
0.01times/10a. 
3.3. Change characteristics of intensity of extreme precipitation 
In Fig.3, the solid line is the time series of intensity of extreme precipitation, the dashed line is the 5-
year running average of the time series and the long and short dash line is the linear trend. The linear 
trend is upward with a rate of 10.3 /10mm d a . 
An obvious downward trend can be found between the 1980s and the 1990s of the intensity of extreme 
precipitation and the smallest intensity appears in the year 1993. The intensity began to increase in late 
1990s and the maximum of the series appears in year 2002. 
     
Fig.2. Trend analysis of annual extreme precipitation (left)             
Fig. 3 Trend analysis of intensity of extreme precipitation (right) 
3.4. Characteristics of abrupt change of extreme precipitation  
The Mann-Kendall (M-K) trend analysis statistics of annual extreme precipitation, frequency and the 
intensity are 0.34, -0.59 and 0.90 respectively. The results are basically the same with the linear trend of 
those time series. Fig.4 shows the abrupt change situation of the time series of annual extreme 
precipitation: the solid line is the statistic series UF, the dashed line is statistic series UB and the two 
straight lines are threshold of the significance of 0.05. An abrupt change occurred in the end of the 20th 
century (around the year 1991). Also, M-K test of both the extreme precipitation intensity and extreme 
precipitation frequency time series show abrupt change happen in the late 20th century.  
Since the beginning of 21st century, no steady upward or downward trend can be found. However, the 
analysis of the time series from 1990-2008 indicates that the extreme precipitation in general have 
increased during this period. The M-K statistic test result of this period of annual extreme precipitation, 
frequency and intensity are1.34, 0.86 and0.31 respectively. 
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Fig. 4. Mann-Kendall test of annual extreme precipitation 
4. Conclusion 
Change characteristics as well as trend have been analyzed in this paper about three indices of extreme 
precipitation event within the 48a from 1961 to 2008: annual extreme precipitation, frequency and the 
intensity. Despite that the frequency of extreme precipitation hasn’t change much during the period, the 
intensity showed an obvious upward trend which lead to an upward trend in the annual extreme 
precipitation. Extreme precipitation indices time series changes unsteadily and an abrupt change 
happened in the late 20th century. After that the time series of the three indices goes upward.  
The conclusions achieved in this study can offer some references for local water resources 
management and hydrology analysis. But because of the limitation of human being’s knowledge of 
complex climate change, many uncertainties lie in the research. Moreover, the water transfer is about to 
start, it’s of great difficulty to estimate the impacts on the water source area. For further work, factors 
such as the causes of the extreme precipitation, the influences caused by the start of the water transfer will 
be considered to achieve a better reliability and higher accuracy. 
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